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Abstract 

We investigated the electroweak corrections from one-loop diagrams involving the 
third generation (s)quarks to the decay width of process Xi^ W'^xf in the framework 
of the Minimal Supersymmetric Standard Model. Our calculation shows that these 
corrections are not very sensitive to the mass of the lightest neutralino Xi ^^'^ the 
sbottom mixing angle Ot, but depend strongly on the top squark mixing angle 9t 
and tan/3. With our chosen parameters, we find that these radiative corrections can 
exceed 10%, therefore they should be taken into account for the precise experimental 
measurement at future colliders. 
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I Introduction 

Over the past years, many experimental works were focused on the finding new physics 
beyond the standard model (SM) Q. At the same time, some new theoretical models have 
been developed in order to describe the new physics, such as the minimal supersymmetric 
model (MSSM) 0] 0], large extra dimensions model Q, etc. Among these models, 
the MSSM is arguably the most promising candidate for extension beyond the SM, in 
which all the SM particles have their supersymmetric partners. The existence of these 
supersymmetric particles is one of the characteristics of this theory. Therefore, searching 
for these supersymmetric particles at colliders is an important task to verify the MSSM. 
In the MSSM there exist two charginos xt (i = 1) 2) and four neutralinos Xi (i = 1; 
4). They are just the mixtures of gauginos and higgsinos, the supersymmetric partners 
of gauge bosons and Higgs bosons Q The lightest neutralinos X11X2 ^^'^ chargino 
xt ("^x^ ^ ^x^-' expected to be the lightest supersymmetric particles. For R-parity 
conservation, the lightest supersymmetric particle (LSP) Xi is stable and invisible. Thus, 
the states X2 ^^'^ xt might be the first supersymmetric particles to be discovered. The 
search for xt and X2 the main task at present and future colliders. Many experiments 
have been done at present colliders, such as LEP, Tevatron, etc., in searching for the 



supersymmetric particles @ [0] especially for charginos and neutralinos ||9[ ||10|]. At 
the same time, the phenomenological calculations of chargino and neutralino productions 
via 77, e~7, e^e~, e~e~ , 'jp, pp collisions, etc., have also been performed. They can be 
found in Ref.[||, P, |l3|, |l7|. 



The decays of charginos and neutralinos in the MSSM have been widely discussed 



|18| |19|. If the mass splitting between Xi (LSP) and xt X2 large enough, the 

three-body decay modes of xt X2 i^^^ Xi two fermions through vector boson, 
Higgs boson and sfermion exchanges are the dominant decay modes, which take place 
mainly in the minimal supergravity (MSUGRA) scenario. But in the models without 
gaugino mass unification at the GUT scale, the mass splitting between them can exceed 
the masses of gauge bosons {W, Z) and Higgs bosons in some parameter space. Therefore, 
the decay modes xtiX2) ^ W+{Z'^)+Xi, xtiX2) ^ {h^ , , A'^)+x1 are kinematically 
accessible. In this case, the above two-body decay channels will be the most important 
decay modes of xt ^^'^ X2^ since the chargino and neutralino have enough phase space to 
decay firstly via these channels. If xt X2 rather heavy, some new decay channels, 
such as decay into // pair, should be under consideration when they are kinematically 



allowed |18|. In this paper, we will only consider the decay of the lightest chargino into the 
lightest neutralino and W boson. As mentioned above, in the case of m-+ > mw + m^o, 

Xl Al 

this decay channel can open up and will be the dominant decay channel of xt- The 
W boson's leptonic decay may be used as a spectacular trigger. For the comparison of 
the theoretical prediction with the precise measurement at the future colliders, the more 
accurate calculation of the partial decay width of this decay mode is necessary. For this 
purpose, the radiative corrections at one-loop level should be included. Since there is 
no one-loop QCD correction to this process, the electroweak corrections from one-loop 
quark-squark diagrams are the most important. In this paper, only the third generation 
quarks and squarks are considered because of the Yukawa characteristic factor niq/mw 
in the chargino/neutralino-quark-squark vertices (m^ is the mass of quark q)|Q. In our 
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calculation we adopted the t'Hooft gauge. The relevant diagrams of the tree-level, counter- 
term, one-loop vertex corrections to this decay and the self-energies of W-boson, charginos 
and neutralinos, are shown in Fig. 1(a), (b), (c), (d), (e) and (f) (i = 1, j = 1), respectively. 

The paper is organized as follows: In section 2, we review briefly the chargino, neu- 
tralino and squark sectors of the MSSM and give the tree-level results (amplitude and 
decay width). In section 3, we give some analytical results of the electroweak corrections 
to the xt ~^ W~^Xi partial decay width. The numerical results and our conclusions are 
presented in section 4. 

II Notations and tree- level results 

The tree-level Lagrangian for the chargino and neutralino masses reads 

U i,+ Y { XT\{ i,+ \ l.,,„Tv,,.0 



where the tree- level mass matrices X, Y are [ pC| ] 

M V^mw sin p 



(2.2) 



V^mw cos P /i 



Y 



/ M' —mzsw cos P mzsw sin P \ 

M mzcw cos P —mzcw sin P 

—mzsw cos P mzcw cos P — 

\ mzsw sin P —mzcw sin P / 



and = (-iA+,V:^^), ^'"^ = {-i\-,^H,), V'"^ = (-iA',-a3,V?^,,V'?,,), where sw = 
sin Ow-, cw = cos Ow-, M and M' are the SU{2) and U (l)y soft-SUSY-breaking parameters, 
respectively. We define 

X" = u^+, 
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X° = N^°, (2.3) 
where U, V and N axe unitary matrices chosen such that: 



U*XV ^ = Md = diag(m-+,m-+), (0 < m-+ < m-+) 

N*YN~^ = = diag(m^o,m^o,m^o,m^^o), (0 < m^^o < m^o < m^o < m^o). 

(2.4) 



The tree-level Lagrangian for the stop and sbottom masses is 

in which the tree-level stop and sbottom squared-mass matrices are: 

_ I ^| + "^? + ^|cos2/3(^-|s^) mt{At- ncoi 13) \ 

* ~ mt{At- iicoil3) M? -Fmf -F|m|cos2/3s^ j 

= i *^S + "^^ ~ 5*^) m6(A-/xtan/3) \ 

^ I mb(A;, - /xtan/3) M? - |m| cos 2/3s^ ) 

where Mg^Mfj and are the soft-SUSY-breaking masses. For the third generation 
SU(2) squark doublet, we have Q = iih^bi^, and the singlets U = Ir and D = Ir, 
respectively. At^h are the corresponding soft-SUSY-breaking trilinear coupling parameters. 

To diagonalize the mass matrices At- and M~^, we should introduce two unitary ma- 
trices 7^^: U'iMln'i'^ = diag(m^^,m^J, {q = t,b). In consideration of the reality of the 
mass matrices, we may choose matrices TZ^ to be 

n^=( '""'.'l (g = t,6), (2.7) 

\ — Sm dq COS J 

where — 7r/2<0q<7r/2. The mass-eigenstates gi, g2 are related to the current eigenstates 



Ql,Qr by the transformation: 



q2 



(2. 



The tree-level Lagrangian for the chargino-neutralino-W boson interactions is 



9xll^ [OtjPL + O^^Pr] xjW~ + h.c. 



(2.9) 



where Pl,r = ^(1 =F 75), and 
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±n:,u,2 + n:,u,. 



(2.10) 



From this Lagrangian, we can easily obtain the tree-level amplitude and partial width of 
the decay xf — > W^Xi- 



where 



Ttreeixt ^ W+Xl' 



A 



Xi 



M 



tree 



Xi 



P (I On r + I Ofi P) - 12m-+m^oRe (Ofi*Ofi) (2.11) 



- {m^o + raw) j yn-^+ - (m^o - mwY 

{m?_+ - m|o)^ 

■m\+ + mio - 2m^ H — — g — 

Xi Xi rnfy 



1/2 



(2.12) 



III Renormalization and radiative corrections 



The super symmetric radiative corrections to chargino and neutralino productions have 



been considered widely pl[ [22|. For convenience, the corrections are expressed by using 



form factors. All the one-loop level contributions to these form factors can be classified 
in terms of prototypes distinguished by the number of particles inside the loops and their 
spin [^2|. The calculation of the supersymmetric corrections to the decay xf — > VF+Xi 
considered in this paper can be performed analogously. The form factors can be divided 
into two parts, which are just the contributions of counter-term and vertex correction. In 
order to obtain the counter-term of vertex XiXjW~ which will be used in the calculation 
of the corrections, the following renormalization constants are defined 
(1) renormalization constants of fields |23]: 



W,, 



Plx\ 



yLl/2-p + 



z, 



Ll/2-p --0 



0,ii 



PlxI 



PrxI 

PrxI 



z+.ii Prx 



yRl/2p 

\ij ^RXj 



(2) renormalization constants of gauge couplings and masses 



m 



w 



Zee = (1 -|- dZe)e 
g + 6g = {l + 6Ze 



6sw 
sw 



)9 



(3) renormalization of matrices U, V and N p^: 



U + V + 5V, N ^N + 6N, 



(3.1) 



where Z^-- = Z^*-, because neutralinos Xi ^-re Majorana particles, x 



In this paper, we adopt the complete on-mass-shell scheme in doing renormalization. 
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The relevant renormalization constants in eq.(^]^) are fixed by the on-mass-shell renor- 
malization conditions: 

(a) The on-mass-shell renormalization conditions for gauge bosons are [ p^ ] 

k^^m^ —l[K — m^j 

hm ——^ Reit^^^{k)e'{k) = e^{k) 

hm J-^Reitri{k)e''ik) = e^{k) 

Reitll{ky{k) 1,2=0,^1=0 (3-2) 

where e{k) are the polarization vectors of the external fields. Re takes only the real part of 
the loop integrals appearing in the renormalized one-particle-irreducible two-point Green 
functions %V which. Ccin be written cis 



iT'^^^^k) = -ig^,{k'-mt)5,,-i(g^,-^\j:-\k')-z^i:fik') (3.3) 



Here, a,b = j, Z. From the above equations, we obtain [23| 



dZw - -He \k^=ml, 



in which S's are the corresponding unrenormalized self energies. 
By using the equation cos^ 9w = m^/m^, we find 

1 / (^^T-H/ (^m^X 
ocos^vy = Trcost'iy — 5^^^^ ^ . (3.5) 



(b) The renormalized one-particle- irreducible two-point Green functions of fermions(liere 
they are charginos and neutralinos) can be decomposed as 



(3.6) 



^ L R S L SR 

where S^y ' ' are the renormalized self-energy matrices of fermions. By imposing the 
on-mass-shell renormalization conditions for fermions |23| 



hm r- 



Reitl {p)ui (p) = Ui {p) Reitj. {p)uj (p) | 2=^2 = 



1 



lim^ Ui{p)ReiTl{p)-^j——^ = u^{p) Reuiip)it{j{p) \p2=^2= (3.7) 



J 1 



we can get the renormalization constants of fermions [23| [^] |24] 
1 



(5m,- 



Re K(S,^(m2) + S,^(m2)) + J:f^{mj) + ^^^(m^)] 



6Z. 



R 



-Re 



-Re 



^f,{mj) + m2(Sf^'(mf) + (m^)) + mi{J:f/^' (m^) + J^f/"' (mj)) 



Sf^(mf ) + m^i^a (mi) + S^J' (mf)) + m,(S^^' (m^) + S^' (m^) 



^■^ mf — m?- 

R _ 2 



i?e [m|S,^(m|) mi'mjT.fj{mj) + rmJ^f/'im'j) + mjT.f/^{mj)] , for i / j 



V _ j^2 



[mimjj:fj{m'^j) + mjT.^j{mj) + mjT.f/'{m'j) + miT^ff {m])] . for i 7^ j 

(3.8) 



For radiative corrections to chargino and neutralino masses, we can refer to Ref . [p6| . 
(c) 5U, 6V and SN are fixed by demanding that the wave function corrections are 



symmetric [25 



6U = ^(6Z5-6Z^^] U 



5V 



6Z^^ ] V 



6N = ^[6Z^-6Zl^^)N 



(3.9) 



The chargino and neutralino self-energies can be found in Ref . [p^] . 

By substituting Eq.( |3.lD into the Lagrangian (2.£), we can obtain the counter-term of 



vertex XiXj'W : 



5C 



9W~^h^{pL so! 



kj 



k=l 



1 ^ 

k=l 

9 ^2 '^kj^^OM 



+ Pr 



k=l 



Xj + h.c. 



(3.10) 



where 



50^ 



= -^{mAv;2 + N^A5v*^) + {m2y*l + Ni25v*^> 



60 



^/2 



For convenience, we define 



i6A 



(3.11) 



= of^j (- + l^^w) oLsz^mj + o^j6z^;,, + 60f. 
\9 ^ y ^ k=i ^ k=i 

\9 ^ / ^ fc=i ^ k=i 

Then the contribution from the counter-term to the amphtude of the decay xt ~^ W~^Xi 
can be written as 



6Mc = u^o{h)j^'{6A^,PL + SA^,PR)u-+{pi)e^{k2) 



(3.13) 
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Up to the one-loop level, the total amplitude of this process is 

Mtot = Mtree + SM^ + 5Mc (3.14) 

where 6A4^ represents the vertex correction. For regularization of the ultraviolet diver- 
gences in the virtual loop corrections, we adopt the dimensional reduction scheme (DR) 



|27|, which is commonly used in the calculations of the electroweak corrections in frame- 
work of the MSSM as it preserves supersymmetry at least at one-loop level. As we ex- 
pected, the divergence in 5My will be cancelled by that in the counter-term 5Mc exactly. 
We can check this property of renormalization both analytically and numerically. 

The calculations of the vertex correction 5Aiy contributed by the one-loop diagrams 
in Fig. 1(c) tell us that 

SMy = u^o{h)[-f^'{A^^PL + AfiP/j) +p^(nfiPL + Uf^Pn)]u^+{pi)e^{k2) (3.15) 

where A^'^, A{\, Hfi and n{\ are the form factors whose expressions are listed in the 
Appendix. To describe the magnitude of the supersymmtric electroweak corrections to 
the partial width of the decay xt ~^ W^^Xii '^e introduce a quantity named relative 
correction 5 defined as 

Ttreeixt ^ W+X^) 

It will be used in numerical calculations in the next section. 



(3.16) 



IV Numerical results and conclusion 

In the following we present some numerical results for the radiative corrections to chargino 
decay into the lightest neutralino and W boson. In our numerical calculations the SM input 
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parameters are chosen to be mt = 174.3 GeV, mj, = 4.3 GeV, mz = 91.188 GeV, niw = 
80.41 GeV and oew = 1/128 ||2^. For the SUSY sector, we choose the physical observables 
to be the input parameters rather than the original parameters in the Lagrangian (e.g. 
the soft-SUSY-breaking parameters M, M',M?, • • •). In this paper we use the fohowing 
set of independent parameters: 

(tan /3, m -+ , m-+ , m^o , m^^ , 6** , , m^^ , 6*^) (4.1) 

The parameters tan P,m~+ ,m-+ and m^o among these nine input parameters are used to 

Xl A2 Xl 

determine the chargino and neutrahno sectors and the rest five parameters to determine 
the squark sectors. The parameters and M in the chargino matrix X ( see eq.( |2.2| ) ) 
can be extracted from the input chargino masses m-+ , but their values are not uniquely 
determined. For the fixed chargino masses, we can obtain four sets of results: 
case 1: -/x > M > 0, case2: M > -/i > 0, case 3: M > /x > and case 4: /i > M > 0. 
The only differences among the four cases present in their U and V matrices. All the 
four cases are considered in this paper for completeness. The value of m^^ is determined 
by SU (2) gauge invariance. For all the numerical calculations in this paper, we take 

m-+ = 550 GeV, mr = 400 GeV, mr = 450 GeV and m,- = 140 GeV. 

X2 '01 ' 02 ti 

In Fig. 2 we present the relative correction 6 as a function of tan /3 for xf W~^Xi^ 
assuming m-+ = 190 GeV, m^o = 90 GeV and ((96,6't) =(-0.3, 0.78), (-0.2, 0.4), (0.2, -0.4), 
(0.35, -0.4) for case 1, 2, 3 and 4 respectively. As shown in this figure, the SUSY-EW 
corrections are important and especially sensitive to the value of tan /? for case 1 and 4. 
For case 1 the relative correction 6 is positive when tan /? > 4. It varies from —5% to 
11.9% as the increment of tan/3 from 2 to 9 and decreases slowly as tan/3 grows in the 
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region where tan/3 > 9. The peak at tan/3 ~ 9 on this curve is due to the fact that the 

tree-level partial width of this decay Tfree has a minimum value around this position. For 

case 4 the relative correction is negative, large {\S\ > 11%) and increases to —16.6% as 

tan/3 ~ 36. For case 2 and 3, the relative corrections are insensitive to tan/3. They are 

all negative and vary from —8.4% to —10% and —9.8% to —11.1%, respectively. 

Fig.3(a) and (b) give the relative corrections as the functions of m-+ in the case of 

m^o = 60 GeV and 90 GeV, respectively, assuming tan/3 = 7. The values of {0b,9t) 

are the same as in Fig.2. Both in the case of m^o = 60 GeV and 90 GeV, the relative 

corrections are insensitive with m-+ for case 2 and 3. The variations of them are all less 

than 1%. Furthermore, the curves for case 2, 3 and 4 show that the relative corrections 

in Fig.3(a) are almost the same as in Fig.3(b) for a fixed m-+. This conclusion can be 

Al 

obtained from Fig.4 more evidently. The corrections are about —9% and —10% for case 
2 and 3 respectively and vary from —13.7% to about —10% for case 4. For case 1, the 
relative corrections range between 9% (11.3%) and 3.7% (1.7%) with m-+ varying in the 
mass region 150 (180) GeV to 270 (280) GeV when m^o = 60 (90) GeV. 

In Fig.4 we show graphically the dependence between the relative correction and m^o. 
Here we take tan /3 = 7, m-+ = 190 GeV. 6f, and 6t are set to be the same as in figure 2. 

Al 

It is clear that the relative corrections are rather stable as m^o running from 60 GeV to 

Al ^ 

100 GeV for case 2, 3, 4 and are also not very insensitive to m^o for case 1. It can reach 
about 11.7% and —13.4% for case 1 and 4, respectively. 

The relative corrections as the functions of the squark mixing angles Of, and 6t are 
displayed in Fig.5 and Fig.6, respectively. The insensitivity of the relative correction S to 
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Of, is due to the fact that the sbottoms bi^2 {''^l^ ^ = 400, 450 GeV) are much heavier than 
the lighter stop ii (m^^ = 140 GeV). Therefore, the sbottom quark are almost decoupled 
and the variation of Of, does not affect the relative correction too much. In contrast to the 
sbottom mixing angle 9b, the stop mixing angle 9t plays a crucial role, as seen in Fig. 6. 
The SUSY-EW corrections decrease or increase the partial decay width of xt ~^ ^^Xi 
significantly depending on 6t. 

In summary, we have computed the supersymmetric electroweak corrections to the 
partial width of the deacy Xi ~^ W'^Xi in the MSSM. Only the third generation of 
quark and squark are considered because of the Yukawa-like couplings of the relevant 
vertices. These corrections are not very sensitive to the mass of the lightest neutralino 
and the sbottom mixing angle, but depend strongly on the parameters tan/3 and 6t. The 
magnitude of the corrections can exceed 10% in some parameter space, therefore they 
should be taken into account in any reliable analysis. 
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V Appendix 



In this appendix, we list the form factors of the decay xl — W^"^Xj 



(i=l,2, j=l,2,3,4). 



The form factors A- ■' and II- ■' can be divided into four parts respectively 




il)L,R A2)L,R . (3)L,R a (4)L,R 
ij ij ij ij 
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nj'^ = nSf'%n(f'« + n(f'« + nlf'« (5.1) 

where A^^^^'^ and n.^^^'^ (a=l,2,3,4) are the form factors contributed by the four one- 
loop diagrams in Fig.l(c— 1 ~ c — 4), respectively. In the calculation of these form factors, 
the following vertices (or their conjugate vertices) will be used: 

b-X^-h ■■ V^,PL + V^,Pn 

b*-ij-W- : + (5.2) 

where p and p' are the incoming momentum of tj and outgoing momentum of 5j respec- 
tively. The explicit expressions of these vertices can be found in Ref.||3|. and |20|. 

Now we can write down the form factors of the decay xtip^) ~^ Xj(^i) + W^(k2) '■ 

. (1)L _ <i T^fl* T^i? ^(1) 

/,fc=l 



2 



Lk=l 
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ng)« = nSf(L^i?) 

A;=l 

+ I5 - 2CS' + ids + Cf )mfv + (Cf - CgV4+ 

k=l 
fe=l 

+(ci?-cg) + cS'-cg')»|.ly«j,K««„} 

fe=l 

(4)L _ ■ 3g A (4) (4)x ..L ^^(4) ^(4) ^(4) r^^)\^^\lR 1 

fc=l 

n!r = 'i;i;iEP!?™'n?^,Hcg>-cg')™,.F-jK4, (5.3) 
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where 



Cll|l2,21, 22,23, 24 " ^11,12,21,22,23,24 (^1 , "Pi , '"T'f,^ , '"T'fe, "2^' ) 



^11^12,21,22,23,24 " ^^11,12,21,22,23,24 (^1 , "Pi , "^f" , "^t , "T-fo J 
^0^11,12,21,22,23,24 ~ C'o, 11, 12,21,22,23,24 (^1 Pi , ""^b, "1^^ , mi) 
^0^11,12,21,22,23,24 = C'o, 11, 12,21,22,23,24 (^1 , "Pi , '"T-t, '"T'ij^ , '"T-b) (5.4) 

The definitions and numerical calculation formula of the one-point, two-point and three- 



point Passarino-Veltman integrals are adopted from Ref.|2S] and Ref . ||30(| , respectively. 
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Figure Captions 

Fig.l The relevant Feynman diagrams to the decay xf — W^Xi- {^) tree-level dia- 
gram; (b) counter-term for vertex; (c-l)-(c-4) one-loop vertex corrections; (d), (e) and (f) 
self-energies of W boson, chargino and neutralino respectively. In diagrams (a), (b) and 
(c), i = J = 1. In diagrams (c), (d), (e) and (f) the subscript k and I can take from 1 to 2. 

Fig.2 The relative correction as a function of tan/3. 

Fig.3 The relative correction as a function of m~+. 

Fig.4 The relative correction as a function of m^o. 

Fig.5 The relative correction as a function of Of,. 

Fig.6 The relative correction as a function of Ot- 
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Fig.3 (a) 
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0.15 



0.1 



0.05 



CO 



-0.05 



-0.1 



-0.15 



case 1 
case 2 
case 3 
case 4 



tan;3 = 7 
m =90 GeV 




180 200 220 240 260 280 



m (GeV) 



0.15 



0.1 



0.05 



CO 



-0.05 



-0.1 



-0.15 



Fig.4 



tan)3 = 7 
m =190 GeV 



case 1 
case 2 
case 3 
case 4 




60 65 70 75 80 85 90 95 100 



,(GeV) 



Fig.5 
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